Introduction HE inclusion of CFD-based analyses into disciplines such as aeroelasticity, aeroservoelasticity, and optimization is currently not performed on a routine basis due to the high computational costs of the CFD portion of the analyses.
One solution to this problem is the development of CFD-based reducedorder models (ROMs).
These ROMs capture the essence of the dynamical system under investigation while reducing the complexity of the computational model.
At present, the development of CFD-based ROMs is an area of active research at several industry, government, and academic institutions. 1 Development of ROMs based on the Volterra theory is one of several ROM methods currently under development. 2-5 Reduced-order models based on the Volterra theory have been applied successfully to Euler and NavierStokes models of nonlinear unsteady aerodynamic and aeroelastic systems. Volterra-based ROMs are based on the creation of unsteady aerodynamic impulse or step responses that are then used in a convolution All other rights are reserved by the copyright owner_ scheme to provide the linearized and nonlinear responses of the system to arbitrary inputs. In this setting, the impulse or step responses t,.re the functional ROMs.
A traditional approach for obtaining linearized generalized aerodynamic forces (GAFs) from an aeroelastic CFD model is to perform a time-domain perturbation of all the modes (one mode at a time) resulting in a GAF influence coefficient matrix. This time-domain influence coefficient matrix is then transformed into the frequency domain 6 using standard Fourier transform techniques.
The 
where x is an n-dimensional state vector, u an mdimensional control input, and y a p-dimensional output or measurement vector with k being the discrete time index. The transition matrix, A, characterizes the dynamics of the system. The goal of system realization is to generate constant matrices (A, B, C) such that the output responses of a given system due to a particular set of inputs is reproduced by the discretetime state-space system described above.
For the system of Eqs. (1) and (2) 
Results

CFD-Based Pulse Responses
The results presented in this study are for a Mach number of 0.96. The GAF pulse responses due to pulse inputs in modes 1, 2, 3, and 4, respectively, are presented in Figure  5 . As can be seen, the responses are well-behaved and exhibit a rapid converge to zero.
It is precisely this rapid convergence to zero that results in an efficient computation of these functions. As can be seen in Figure  6 , the unsteady aerodynamic system realized is stable, as it should be, with a dominant cluster of low-frequency, low-damped roots.
Pulse responses for the 32nd-order state-space model were generated and compared with those of Fig This concept needs to be considered in the future development of these state-space models. Figure  9 is the magnitude and phase of the frequency response for the CFD and state-space pulses for the four modes due to an input in the first mode. towards the development of bilinear state-space matrices that will incorporate tile effects of the nonlinear (higher-order) kernels.
